The growth response of native bacteria isolated from Maizuru Bay to extracellular organic carbon (EOC) of Asterionella glacialis (Bacillariophyceae) and Chattonella marina (Rhaphido phyceae) was examined. A. glacialis EOC selectively stimulated and inhibited the bacterial growth. Growth of a dominant strain Pseudomonas 022 during the bloom of A. glacialis was strongly stimulat ed by A. glacialis EOC, but Vibrios strains growth were not. Psudomonas 022 utilized selectively not only dissolved free amino acid (DFAA) but also dissolved combined amino acid (DCAA) in the algal EOC. It is suggested that bacteria change the concentration and composition of dissolved amino acids in the bloom period.
We previously described that the algal blooms are correlated with changes in the bacterial flora in Maizuru Bay.1) Asin general dissolved organic carbon (DOC) seems to originate directly or in directly from phytoplankton, it was suggested that the bacteria utilizing more efficiently ex tracellular organic carbon (EOC) of the dominant phytoplankton would become predominant during the bloom.
Andrew and Williams,2) and Lee and Bada3) showed the low concentrations of free amino acids in seawater of about 58 to 120 nmol/l, which must be mainly derived from EOC. In spite of such a low concenttration these amino acids may play an essential role for growth of native bacteria in marine environment.
This paper describes the effects of extracellular organic carbon (EOC) of Asterionella glacialis and Chattonella marina on growth of native bacteria isolated from Maizuru Bay, and then referred to the utilization and uptake of dissolved free and combined amino acids of EOC by a dominant bacteria during the A. glacialis bloom.
Materials and Methods

Organisms
Twenty three bacterial strains for this study were isolated from the seawater during in Maizuru glacialis EOC and C. marina EOC, respectively. Pseudomonas 022 selectively utilized dissolved amino acids, and completely utilized ala, val, ile and leu in DFAA, and pro, cys, val, tyr, phe and arg in DCAA of A. glacialis (Fig. 4) . And also it almost utilized thr, glu, ile, leu , his and lys. It was, however, observed that the utilizations of both free and combined gly and combined ala were poor. As shown in Fig. 5 , Pseudomonas 022 showed also poor utilization of free and combined gly in C. marina EOC. Ala, ile, leu, his and lys in DFAA were completely utilized by it.
In Figs. 6 and 7 are illustrated the changes in mole composition of DFAA in A. glacialis EOC and C. marina EOC after 30 h incubation with Pseudomonas 022. Composition of DFAA in both algae EOC changed remarkably. DFAA in A . glacialis EOC was mainly composed of asp , •¬ utilized fraction; •¬ remained fraction.
gly and val, and DFAA in C. marina EOC was composed of thr, ser and tyr. In A. glacialis after 30 h incubated with Pseudomonas 022 increase of ser and gly was remarkably observed (Fig. 6 ). In C. marina gly, thr and tyr increased (Fig.7) . Figs. 8 and 9 show the changes of DCAA com positions of A. glacialis EOC and C, marina EOC after 30h incubation with Pseudomonas 022. It was also noted that DCAA composition in both algal 352 Riquelme, Fukami, and Ishida •¬ utilized fraction; • remained fraction. EOC was mainly glu, pro, val and leu in A. glacialis EOC, and was asp and glu in C. marina EOC. Pseudomonas 022 caused a drastic change in main DCAA composition in A. glacialis EOC after the incubation, resulting in the change from glu, pro, val and leu to gly, ser, glu and ala as dominant combined amino acids. This phenomenon was not observed with DCAA in C. marina EOC.
Discussion
In this study it was demonstrated that A. glacialis EOC selectively stimulated and inhibited the growth of native bacteria isolated in Maizuru Bay. The stimulative effect of A. glacialis EOC was not related to bacterial genera.
Among 23 strains isolated through the year only two strains of Pseudomonas 022 and 23 were strongly stimulated in growth (Fig. 1) . These strains were isolated as dominant culturable flora during the bloom of A. glacialis.1)
The inhibitory effect of A. glacialis EOC was remarkable to genera of Vibrio. The antagonism between Vibrio and phytoplankton was previously discussed. Differences in composition of DFAA in two marine blue-green algae was reported.11)
In Calothrix scopulorum ala, thr and leu were the dominant DFAA.
In
Nostoc entophytum basic amino acids and thr were predominant. Determinations of in situ DFAA in a outdoor tank by Brockmann et al.12) showed strong statistical correlations be tween Nitzchia longissima and val and ile, and also between Thalassiosira rotula and vale, leu and ile. Hammer and Eberlein13) in a outdoor tank experiments observed that in situ DFAA concentrations increased during a bloom of Thalassiosira rotula, but decreased at the stationary phase of the algae.
Pro was observed as dominant, in DCAA in A. glacialis EOC, but was not found in C. marina EOC. The data of DCAA in algal EOC are scarce in the literatures published up to now. Fogg14) and Jones and Stewart' reported that peptides released by Anabaena cylindrica were low molecular weight, and two peptides were composed of only ser and thr.
This research and the literatures suggested that composition of DFAA and DCAA released by microalga are dependent on the algal species involved.
The present study confirmed the previous results of Williams,16) Whittle,17) Brockmann et al12) and others, that microalgae are a significant source of dissolved amino acids in the marine environ ment.
Pseudomonas 022 selectively utilized dissolved amino acids of algal EOC. The amino acids in both algal EOCs that this bacterium preferred to utilize were asp, glu, ala , ile, leu, and phe. Selective utilization of glu was reported by Williams and Yentsch.18) Glu was observed in maximum concentration in a early stage of a Chaetoceros bloom, but rapidly decreased to mini mum levels possibly due to bacterial uptake . 19) Bacterial utilization of amino acids in algal EOC after 30 h incubation produced drastic changes in the composition of dissolved amino acids in algal EOC. Ser and gly were observed as dominant DFAA in both algal EOC after the the bacterial incubation, in addition to thr and tyr in C. marina EOC (Fig. 6 and 7) . Lee and Bada3) reported that in open ocean the amount of DCAA was about 10 times more than that of. DFAA, and ser, ala and probably gly were the major components among them. The fact of a common oc currence of a few free amino acids as dominant may not mean that it is important nutrient for bacteria. On the contrary other amino acids detected in lowest concentrations may be have a high turn-over rate.
